T emporal lobe epilepsy (TLE) is considered as the best known clinical form of the localized epilepsies. At specialized centers for the care of epileptic patients in the preoperative period, several assessment tools are used, both to determine the extension of the epileptogenic cortical tissue responsible for the crises and to evaluate the risk of neuropsychologic injury, as the aim of surgery is to resect the epileptogenic tissue and save the functioning, healthy one, particularly the one which is crucial for full functional capacity. 1, 2 As mesial temporal structures (amygdala and hippocampus) are crucial for the long-term consolidation of newly acquired information, the testing of memory in these patients becomes a very important moment of the neuropsychologic evaluation. This testing should take into account the functional difference that exists between the temporal lobes, that is, the left lobe mediating memory for verbal contents, such as names and word lists, and the right lobe, the memory for contents that cannot be easily verbalized, such as faces, places, and abstract drawings. 1, 3 In right-handed patients, the right hemisphere is generally predominant in the processing of nonverbal information, whereas the left one is usually predominant in the processing of stimuli with a linguistic connotation, which entails a sequential and analytic linkage of the stimuli. Therefore, the neuropsychologic test must assess the different verbal and nonverbal functions and the differences in the hemispheric processing of such stimuli. In this sense, the material used in neuropsychologic tests must be as pure as possible in its verbal or nonverbal nature, to polarize the evaluation in the domains of left and right hemispheres. The problem with regard to the memory of TLE patients is mainly that ablation of 1 hippocampus is well tolerated only if the contralateral hippocampus is functional.
However, the possibility of measuring verbal and nonverbal memory in the brain hemispheres to ascertain their respective relationship to the location of the epileptogenic focus (left and right temporal areas) becomes difficult, as many tests for nonverbal memory used in the epilepsy centers can be easily verbalized. Studies indicate that the measures used for the reproduction of figures are often relatively insensitive to the effects of right temporal lobe dysfunction. 1, 4 With regard to verbal memory, tests containing verbal cues are more effective in detecting the contribution of the temporal lobe, but the same does not hold true for nonverbal stimuli. The role of the right hippocampus in spatial learning is not clear yet because of the difficulty in finding patients with lesions limited to this structure. 5 Patients with right or left hippocampal atrophy seem to be the optimal group of subjects for studying the importance of the hippocampus in the learning of spatial orientation, as these patients' lesions are limited to hippocampal structures. To minimize this problem, assessing the accuracy of specific methods has been tested, with nonverbalized cues, questioning and results, and then ascertaining more reliably the memory functions of the right mesial temporal lobe (RMTL).
Literature studies have shown that topographic disorientation has been most extensively studied in patients with focal brain lesions or injuries. Case studies have suggested that topographic disorientation may be largely because of memory failure for the spatial layout of an area, or because of memory failure for unique landmarks that aid in orientation (topographic agnosia). 6, 7 Studies examining neuroanatomic correlates have implicated hippocampal, posterior parahippocampal, medial occipital, parietal, and occipitotemporal regions, with right greater than left hemisphere involvement. 7, 8 The aim of this study was thus to ascertain the function of the hippocampus in the performance of recent and remote orientation and visuospatial memory, using the Childhood Home (CHT) and Route Learning (RLT) tests in patients with TLE.
SUBJECTS AND METHODS
The population of this study was composed of patients with left (LTLE) and right (RTLE) TLE who were submitted in the preoperative period to a blind neuropsychologic evaluation as a routine procedure for epilepsy surgical treatment. Eighty individuals were studied, 40 being patients (20 with right and 20 with left epileptogenic focus) and 40 controls. Epilepsy patients of both studied groups were equivalent in terms of duration of illness and age at first seizure ( Table 1) .
The subjects in the control group did not present with neurologic or psychiatric disorders, according to a questionnaire for exclusion of these disorders. 9 Also excluded from the study were individuals below 18 years of age, patients with extratemporal epilepsy, alcoholics, patients with previous intellectual deficit (intelligence quotient below 80), and in the absence of informed consent form. In the consent form, all of the study procedures as well as researchers and Hospital Sa˜o Lucas ethical committee information were described, so that the participants or their family members could clear any doubts.
The patients with epilepsy were submitted to the memory standard protocol in the presurgical period, which included the Wechsler Memory Scale-III, the Rey-Osterrieth Complex Figure Test , and the Rey Auditory Verbal Learning Test (RAVLT). The Wechsler Memory Scale-III is used in individuals in the age range of 16 to 89 years, and is composed of subtests that evaluate verbal and nonverbal memory, namely: Logical Memory I and II, Word Pairs I and II, Letter-Number Sequencing, Faces I and II, Family Scenes I and II, Spatial Localization, Information and Orientation, Word Lists I and II, Mental Control, Digit Span, and Visual Reproduction I and II. This is an instrument for evaluation and diagnosis, which is an important part of the neuropsychologic evaluation or any other examination requiring memory function analysis. 10 The RAVLT takes about 10 to 15 minutes to be completed, and is composed of 5 displays of 15 unrelated words (list A), followed by another list with distracting words (list B). A word recall test is administered after 20 to 30 minutes. The RAVLT predicts measures of immediate memory, learning efficiency, and interference effects.
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The Rey-Osterrieth Complex Figure Test is a well known measure of visuospatial construction and nonverbal memory. The examinee is asked to copy a figure and, 30 minutes later, reproduce it from memory. Both visuospatial and delayed visual memory can be evaluated. 12 The cubes and vocabulary subtests of the Wechsler Adult Intelligence Scale-III were administered to estimate the intelligence quotient and rule out mental retardation as well as to get a general picture of the intellectual functioning. 13 In addition, in the preoperative period, Oldfied's Edinburgh Inventory was used to evaluate patient handedness.
14 It should be highlighted that the neuropsychologic assessment was blind to the results from the video encephalogram and magnetic resonance imaging (MRI) for localization of the epileptogenic focus in the right or left hippocampus.
In the CHT, the subjects were asked to sketch the layout of their childhood home, to assess their remote visuospatial memory, which was compared with a description made by a family member who had shared the same home, so as to determine whether the tested individual's performance was satisfactory. This test, together with the RLT, was used by other authors in taxi drivers who developed viral encephalitis and probable Alzheimer disease, as well as in taxi drivers without history of neurologic disease and in controls who had never worked as taxi drivers, but had lived in the city of Toronto for more than 10 years. 5, 15 In 1993, Barrash et al 16 standardized and validated the RLT. In 2000, they performed a study with 127 patients with stable focal brain lesions and 80 controls divided in groups by age to evaluate their ability to learn a complex route in a real environment, a critical feature of topographical functioning. They examined the relation between neuropsychologic measures and route learning and found performance on measures of learning and recognition for complex visual scenes and visual memory to be the best predictors of successful route learning in contrast to performance on perceptual tests. Route learning deficits were strongly associated with lesions in visual association cortices and hippocampal regions. Here, the RLT was tailored to our research needs, following the same basic principles of Barrash et al, 16 that is, we sought to assess the learning of a real route through corridors and clinical rooms of our hospital by following 15 visual clues and little verbal encouragement. The subjects were asked to find their way in an indoor hospital environment, following 15 salient visual clues located at corners, with verbal clues as subtle as possible.
The RLT evaluates the visuospatial memory, which is defined as memory for the physical environment and includes: direction, location of objects, and cognitive maps. It measures the ability to learn and recall a short walking route with specific landmarks and the goal of reaching a particular destination. This test evaluates recall and recognition of spatial relations and specific landmarks. During the learning trial, the subject and examiner walk a predetermined route, and the examiner points out specific landmarks. The examiner instructs the subject to remember the walking route and the prominent landmarks that the examiner designates (15 total). After the learning trial, a test trial is administered in which the subject is instructed to retrace the exact route and to point out the designated landmarks. The individual was expected to walk the route 3 times consecutively with the examiner behind, promptly pointing out each mistake and redirecting the examinee to the correct route. The total number of incorrect responses at the end of the test was recorded and scored as error. As cut-off point for normality, we used the values from the control group, whose mean was 40.8 and SD 1.5. A result below 38.0 (1.5 SDs below the mean) was considered as deficit in the test. Figure 1 shows the diagram of the intrahospital route (RLT) used in the evaluation of patients and controls in our study.
Statistical Analysis
The data were fed into a spreadsheet (EXCEL) and analyzed with the Statistical Package for the Social Sciences (SPSS, 6.0). Categorical variables (sex, schooling, and CHT) were compared across the groups using the w 2 test. The mean age was compared between the groups using 1-way analysis of variance.
The mean of correct responses in the RLT (variable without normal distribution) was compared between the 3 groups using nonparametric test Kruskal-Wallis, and between the sexes using Mann-Whitney U test.
On the basis of the RLT for comparison of the means between the groups, a sample size of 19 pairs was calculated for an assumed variance of 8 and a difference in the mean of 6 errors, for an a error of 0.05 and power of 90%.
On the basis of this calculation, 20 patients were selected in each group with their respective controls. Table 2 shows the demographic characteristics of the studied population.
RESULTS
As the group of patients with RTLE had a greater number of women and the group with LTLE a greater number of men, the subsequent analyses were adjusted for sex. Table 3 shows the performance of the different groups in the tests evaluating remote visuospatial memory (CHT) and orientation memory (RLT).
Concerning the remote visuospatial memory performance (CHT) of the groups, no significant differences were found across the groups. However, a significant difference (P<0.001) was found in the RLT results, indicating that the RTLE group had a worse performance than the LTLE and control groups, as shown in Table 3 . In contrast, patients with LTLE and controls had similar performances in the RLT.
DISCUSSION
Studies on brain functioning with regard to topographical orientation in humans are of great interest for researchers and clinicians, in view of the difficulty of evaluating this type of function with standard neuropsychologic tests.
The importance of the hippocampus for spatial learning has been extensively confirmed by studies of animals with lesions. 17 In humans, research works conducted in the last decades suggest the importance of the parietal, occipital, and temporal regions, particularly in the right side of the brain, for the formation of this type of memory. [18] [19] [20] However, the contribution of the right hippocampus to overall memory performance remains controversial.
In view of the little clarifying results regarding the contribution of the right hippocampus to spatial learning, this study was designed to evaluate topographical learning and remote visuospatial memory in patients with refractory epilepsy of the left MTL, RMTL, and controls using 2 types of nonverbal tests.
The main objective of this study was to establish orientation memory and remote visuospatial memory tests that allowed for the identification of the mesial temporal structures that are more responsible for these memory functions.
In the evaluation with the CHT, statistically significant impairments to the remote visuospatial recall were not found in individuals with LTLE or RTLE, probably because remote memory retrieval of such information is no longer a hippocampus function once consolidated in the temporal cortex.
After the consolidation period, the hippocampus may no longer be necessary for retrieval of topographical knowledge, 15, 21 with neocortical association areas related to the parietal and retrosplenial cortices becoming crucial for such retrieval. 15, 22, 23 These data are supportive of our findings, given that the hippocampal lesion in our study did not interfere with the remote visuospatial memory performance. Some functional MRI studies in humans have shown right Cogn Behav Neurol Volume 24, Number 1, March 2011 Route Learning Performance hippocampus activation during the retrieval of previously learned topographical information. [24] [25] [26] In other studies, however, such activation has been inconsistent, corroborating our results in the CHT and those reported by Teng and Squire, 23 in which the MTL is not a permanent repository of spatial maps. These authors also state that the hippocampus and other structures located in the MTL are crucial for the formation of both spatial and nonspatial long-term memories, but not for retrieval of both spatial and nonspatial remote memory. Thus, our findings suggest that hippocampal lesions do not cause clinically significant impairments to the retrieval of remote topographical knowledge.
The comparison of spatial orientation memory performance (RLT) between the 2 groups showed that patients with right hippocampal lesions presented poorer performance in the RLT than patients with left hippocampal lesion and controls, suggesting the involvement of the hippocampus in spatial learning. These data are corroborated by other studies, [24] [25] [26] [27] [28] [29] [30] [31] [32] which also showed that deficits in the route learning (spatial orientation memory) are particularly related to lesions to the RMTL. For the RLT, it was necessary to memorize several features that were very similar in terms of large-scale characteristics (eg, long corridors with several similar doors in both walls) and which were more easily distinguished by differences in the small objects they contained (eg, fire extinguishers and pictures on the walls), thus associating with visual short-term memory, per se, as well.
With respect to route learning, functional MRI studies in normal individuals have detected greater activity in the right parahippocampal cortex and right striated nucleus during the selection of visual scenes. 33 Moreover, Bohbot et al 34 studied 6 patients with selective lesions at the right mesial temporal structures for treatment of epilepsy by thermo-coagulation, and found poorer performance in all aspects of allocentric spatial learning by these individuals, providing further evidence that the right hippocampus is important for this function in humans. In addition, hippocampal processing has been shown necessary for comparison of the present environment with previous experiences of the environment, allowing the insertion of the place being experienced into an allocentric spatial representation (ie, a cognitive map). 21 Therefore, there are several conceptualizations of hippocampal functioning that point to its role in the consolidation of multifaceted contextual information in memory and corroborate our findings, as we, too, have found that patients with right hippocampal lesions have impaired performance in a RLT evaluating orientation memory.
In animal studies, Keefe and Dostrovsky 19 concluded that the rat hippocampus can form an internal representation, a cognitive map, of its environment in the space. The animals' hippocampal pyramidal cells were shown to aid in the encoding of information about places, moves, and positions within an environment, thus recognized as location cells. 17, 19, 25, 35, 36 Our studies focus on the mesial TLE-involved condition in which pyramidal cells are likely compromised, with RTLE patients evidencing statistical-significant alterations in spatial orientation memory. Our findings showed that the human hippocampus is implicated in the formation of this internal representation (cognitive map) and that hippocampal deterioration interferes with adequate performance of this function.
We reiterate that the RLT is a cognitively complex task, and that in this study we did not investigate whether other cognitive deficits could also be responsible for the poorer performance of a given patient in this task, such as executive dysfunctions (attention, organization, planning, execution, among others). In addition, it is important to comment that we did not study potential sex differences in memory. Earlier publications reported variations between women and men in verbal episodic memory and navigational data processing. [37] [38] [39] [40] [41] In future studies, we intend to investigate the relationships between sex, lesion site, impaired route learning, and other objective cognitive losses, as attentional impairments are known to interfere in the storage of information and, as a result, to interfere with performance in the cognitive tests.
In addition, other studies have shown the existence of other brain areas involved in this learning, such as parietal, occipital, and temporal regions, especially in the right hemisphere. 5 Some studies also refer to the vital role of the frontal regions in encoding and retrieval of new information. [42] [43] [44] However, this study did not allow the identification of other brain areas, as we focused on patients with lesions limited to hippocampal structures.
The importance of our finding lies mainly in the possibility of identifying a distinct neuropsychologic deficit from surgical procedures for control of epilepsy localized in the right temporal region, something that has not been possible from other neuropsychologic tests. Currently, in centers performing MTL epilepsy surgery, there are no neuropsychologic tests available for evaluation of postsurgical visual memory deficits distinctly associated with the MTL, making it difficult to measure right temporal lobe dysfunction and, as a result, the lateralization of hippocampal dysfunction. Indeed, recent literature includes studies reporting patients with right hippocampal sclerosis undergoing surgery without any visual memory loss, 45 which may be because of difficulties in specifically assessing nonverbal memory, as measures currently available for evaluation of right hippocampal functions lack specificity.
We can conclude from our results that the right hippocampus may be responsible for topographical memory impairments and that, therefore, there may be risk of losses after resection of the right hippocampus. Although differences in the types of memory loss acquired because of lesions to the MTL have been being reported for years, they have not been studied specifically concerning spatial learning in patients with refractory epilepsy. In this study, it was possible to identify in isolation how injuries to the right hippocampus interfere with spatial memory learning, which allows for prediction of patients' performance with this type of memory after selective right amygdalo-hippocampectomy, and planning the rehabilitation of neuropsychologic deficits resulting from the surgical procedure for control of epileptic seizures.
